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An alkoxysiloxane oligomerl( SiMe[OSi(CH=CH)(OMe),][0Si(CH,)sCI(OMe),],), containing vinyl
was synthesized as a ecufor
butoxymethylhydroxysilane t{BuO)MeSiOH was reacted with CISi(CH=GKOMe), to form {¢-

sol-gel synthesis. [Dért-

BuO)MeSiOSiCH=CH(OMe), which was further alkoxysilylated with CI(GHSICI(OMe), to form1.

www.rsc.org/

TheH, °C, °Si NMR and HR-MS data confirmed the formationlpindicating the successful synthe-
sis of an alkoxysiloxane oligomer possessing difierkinds of functional groups by a chemoselectiva
route. Hydrolysis ofL under acidic conditions was completed in a few holihe solution stat&’Si
NMR spectra of samples hydrolyzed and condensedridus reaction times show no signals due to
species generated by the cleavage of the siloxandsbinl, indicating the validity of the synthesized
substance as a precursor for the formation of bghsiith homogeneously distributed functional groups
Intramolecular condensation &fto form cyclic trisiloxane unitproceeds more preferentially than in-

termolecular condensation

1. Introduction

Silica-based inorganic-organic hybrid materialséhbeen stud-

ied for applications in many fieldsTheir properties are affect-

ed by functional group diversity, distribution, atltk separa-
tion or distance between individual functional gveuFor ex-
ample, bifunctional catalysts like acid-base catisly show

silanol-containing compounds with chlorosilanes gassing
two kinds of functional groups. The former consistsiydroly-
sis of alkoxy groups and silylation of silanol gpsu In this
method, it is necessary to use a precursor thatsistant to
hydrolysis, such as polyhedral silsesquioxanes p3o in-
troduce plural functional groups in regioselectivays while
retaining the oligosiloxane structure of the preour Thus, this

higher catalytic activity than monofunctional cats because approach is not versatile because of the limitatibavailable

of cooperativity between acidic and basic sftesaddition, the
catalytic activity is generally affected by the oba in the dis-
tribution and separation between two kinds of fiomal
groups®* However, it is difficult to control the distributn
and/or separation between different kinds of fuorai groups
by conventional methods for preparing hybrids, sashpost-
grafting’ and co-condensation using sol-gel metHotomo-
geneous distributions of functional groups may tduced by
post-grafting. Such heterogeneity also results froiffierent
rates of reaction between precursors (mainly méguof or-
ganoalkoxysilanes and tetraalkoxysilane) by co-emsdtion
methods.

To overcome this problem, it is reasonable to useel-
designed oligomer as hybrid precursors becausedparation
and number of functional groups can be fixed atrttmecular
level for such oligomers. Therefore, one expectsawtrol the
distribution and/or separation between functionabugs in
hybrids by using oligomers as single precurdohskoxysilox-
ane oligomers are suitable as building blocks tfasibased
inorganic-organic hybrids materials because theyehaydro-
lyzable alkoxy groups. However, examples of alkdgysne
oligomers with defined structures are quite limité@l Further-
more, there are few examples that demonstrate ubeessful
synthesis of compounds possessing both plural ifomeadt
groups and alkoxysilyl groups.In fact, a previous repdtt
used the following two methods. One method usepwsse
synthesis of those compounds and the other dogat&h of

This journal is © The Royal Society of Chemistry 2013

precursors. The latter uses chlorosilane possessimginds of

functional groups for silylation of silanols allawg the synthe-
sis of an alkoxysiloxane oligomer with differentnfitional

groups. However, the ratio and separation of tffferdint func-

tional groups is fixed, and it is difficult to cont these factors
by this method. Different from those reports, thesent study
shows stepwise introduction of plural different dtional

groups under non-hydrolytic conditions, and thisthme can
control the ratio and distance of functional graupgen though
different functional groups can be bonded to potlyhe
silsesquioxanes (POSS38ksuch modified POSSs are not nor-
mally constructed with alkoxysilyl functional grosip

Recently, we reported non-hydrolytic synthesis dnched
alkoxysiloxane oligomers (Scheme S1, Please seEldwatron-
ic Supplementary Information, ESI®).Siloxane bonds can
form by this method from alkoxysilyl groups whiclkelease
stable carbocations, sucht®u” and PRHC". Therefore, this
approach offers the potential to control the sticestand func-
tional groups on the alkoxysiloxane oligomers bgideing a
precursor and selecting silylating agents. Howethez,synthe-
sis of an oligomer with several kinds of functiomgmbups has
not yet been achieved.

Here, we report the synthesis of a typical oligorhaving
different functional groups (Scheme 1). In this kowe suc-
ceeded in designing and thereafter constructingl@osilox-
ane structure with selected placement of functiograups.
Chloropropyl and vinyl groups were chosen as fumai
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groups because these groups can be converted aiyticatly
active groups, including amino, thiol, and carbayxpups. In
addition, the hydrolysis and condensation proceas iwvesti-
gated by liquid state NMR to confirm the absencesitiixane
bond cleavage of the oligomer. Because compdu(@cheme

2.4 Synthesis of (t-BuO),MeSiOSi(CH=CH,)(OMe), (c).
(t-BuO),MeSiOSi(CH=CH)(OMe), (c) was synthesized by
alkoxysilylation ofa with b.

2.5 Synthesis of CI(CH,)3SiCI(OMe), (d).

1) retains the original oligosiloxane structureeaftondensation, CI(CH,);SiCI(OMe), (d) was synthesized by the same wayas

the distribution and separation of functional greup the re-
sulting hybrids can be controlled by usih@s a precursor.

PMe
Si\ OMe
t-BuO ¢’ om t-BuQ !
\ e VSN
i~ OH b —0
O/S\' /S\' OMe
t-BuO me t-BuO Me
a
/OMe Cl
c Sl MeO —gj— OMe
I OMe Moo Lo Ome
_d ol oSN
BiCI ; cat. S-S ome
Cl MeO Me
1

Scheme 1 Synthesis of alkoxysiloxane oligomers.

2. Experimental

2.1 Materials

Acetonitrile (Wako Pure Chemical Co. Ltd., >99.0 élehy-
drated), bismuth chloride (Kanto Chemical Co. Lteb8.0 %),
tert-butyl methyl ether (Wako Pure Chemical Co. LtR9:0 %,
dehydrated), (3-chloropropyl)trichlorosilane (Tok¥@asei Co.
Ltd., >97.0%), hexane (Wako Pure Chemical Co. L85 %),

0.01 mol/L hydrochloric acid (Wako Pure Chemical. Ctd.),

methanol (Wako Pure Chemical Co. Ltd., >99.8 % ydedted),

(3-Chloropropyl)trichlorosilane was used instead to€hlo-
rovinylsilane.

2.6 Synthesis of
SIMgOSi(CH=CH,)(OMg),][OSi(CH,)sCI(OMe€),]» (1)

A solution ofc (11.1 g, 32.2 mmol) in hexane (10 mL) was
added to a solution af and BiC}k in a 100 mL Schlenk flask.
The molar ratio ot/ d / BiClzwas 1/3/0.033. The mixture was
stirred at room temperature for 24 h underaimosphere. Pyr-
idine and methanol were added into the mixturetardmixture
was stirred for 30 min for methoxylation of SiCbgps formed
by functional group exchange reaction betwdeand 1. After
the completion of the reaction, confirmed ¥ and'*C NMR,
the solvents, CI(CH;Si(OMe), tert-butyl chloride, remaining
pyridine, and methanol were removed under reducedspre.
Then, colorless clear liquitl (4.1 g, 7.2 mmol, yield 23 %) was
isolated by vacuum distillation after a solid residwas re-
moved by filtration.

Compound 1. IH NMR (500 MHz; CDC}; 25 °C; TMS):8
= 0.27 (s, 3H), 0.75~0.78 (m, 4H), 1.86~1.91 (m,),4H
3.50~3.53 (t, 4H), 3.55 (s, 12H), 3.56 (s, 6H),555892 (dd,
1H), 6.00-6.05 (dd, 1H), 6.12-6.16 ppm (dd, 1HFC NMR
(126 MHz; CDC}; 25 °C; TMS)8 = -3.2, 8.3, 26.4, 47.3, 50.30,
50.33, 128.9, 137.1 ppntiSi (99 MHz; CDC}; 25 °C; TMS)8
=-51.4 (2Si, 1), -63.9 (1Si, T), -66.8 ppm (1Si, 1 ; HRMS
(Electrospray lonization, 2 kV) calcd. for;4El360,Cl,SiyNa’
[M+Na]*: 565.0707; found: 565.0706.

potassiuntert-butoxide (Tokyo Kasei Co. Ltd., >97.0%), pyri-/ Hydrolysisand condensation of compound 1

dine (Wako Pure Chemical Co. Ltd., >99.5 %, dehtgitn
sodium sulfate (Wako Pure Chemical Co. Ltd., >9%,0dehy-
drated), tetrahydrofuran (THF) (Wako Pure Chemial Ltd.,
>99.5 %, dehydrated, stabilizer free), trichloronyitilane
(Tokyo Kasei Co. Ltd., >98.0%), and trichlorovinjése (To-
kyo Kasei Co. Ltd., >98.0%) were used without fertipurifi-
cation.

The following sections from 2.2 to 2.5 show briefremary of
the synthesis of the compounals, ¢, andd. The experimental
details and full characterization data are show&k$it (Figs.
S1-S6 fora, Figs. S7-S9 fob, Figs. S10-S12 foc, and Figs.
S13-S15 fod.).

2.2 Synthesis of (t-BuO),MeSiOH (a).

Compounda ((t-BuO),MeSiOH) was synthesized from tri-

chloromethylsilane. At first, trichloromethylsilangas alkox-

Compoundl, THF containing 10 vol% of THEg, H,O and
HCI (0.01 mol/L) were mixed in a Teflon vessel ahé mix-
ture was stirred at room temperature. THF was asetthe sol-
vent because it is a compatible solvent for botmmpound1
and HO.The molar ratio of compount/THF/H,O/HCI was
1/25/6/0.0005. Hydrolysis and condensation behavidr the
oligomer were investigated by constantly followitige evolu-
tion of the relevant®C and?°Si NMR signals. The details of the
measurements are described in the characterizsgiction.

2.8 Characterization

Solution *H, *C and ?°Si NMR spectra were recorded on a
Bruker AVANCE 500 spectrometer with resonance featgies
of 500.0 MHz, 125.7 MHz, and 99.3 MHz, respectivelyam-
bient temperature. Sample solutions were put inrb ghlass

ylated with potassiuntert-butoxide at room temperature, and itubes. The chemical shifts were referenced to riadetetrame-
formed ¢-BuO),MeSiCl. The remaining CI did not react withthylsilane (TMS) at 0 ppm. CDghnd THF containing 10% of

the butoxide because of the steric hindrance of tBuO
groups. Next, tfBuO),MeSiCl was hydrolyzed with 0 to
synthesize.

2.3 Synthesis of (MeO),(CH,=CH)SiCl (b).

THF-dg were used to obtain lock signals. A small amount ¢
Cr(acac) (acac = acetylacetonate) was also added as aarelun
tion agent fo°Si nuclei.’®*C NMR was measured with a recy-
cle delay of 2 s and accumulations of 64 FIE¥Si NMR was
measured with a recycle delay of 10 s and accuimnkbf 64

(MeO),(CH,=CH)SICI (b) was synthesized by the alkoxylatiorFIDs for quantitative analyses. HR-ESI mass anslysis car-

of trichlorovinylsilane withtert-butyl methyl ether as we previ-

ously reportetf.

2| J. Name., 2012, 00, 1-3

ried out with a JEOL JMS-T100 CS instrument. Samplere
dissolved in methanol.

This journal is © The Royal Society of Chemistry 2012
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3. Results and discussion

3.1 Characterization of compound 1

TheH NMR spectrum of compound (Fig. 1 (a)) shows nine

signals at 0.27 (-8e), 0.75~0.78 (-Si-B,-CH,-CH,-Cl),
1.86~1.91 (-Si-CHCH,-CH,-Cl), 3.50~3.53 (-Si-CHCH,-
CH,-CI), 3.55 (-Si-(CH)sCI(OMe),), 3.56 (-Si-
(CH,=CH)(OMe),), 5.85-5.92 (-€GI=CH,;), 6.00-6.05 (-
CH=CH, (cis position to Si)), and 6.12-6.16 ppm (-CHHLC
(trans position to Si)). The integration ratio of thesgnsils is
1.0:1.0: 1.0 : 20.7 (containing all the signats3.50 ~ 3.56
ppm because of the overlapping) : 3.8 : 3.8 : Bd these cor-
respond to the calculated ratio (1 : 1 : 1 : 22::44: 3). On the
other hand, there are no signals assignaeBioO groups of the
compounct (t-BuO),MeSiOSi(CH=CH)(OMe),.

These results indicate the alkoxysilylation acconigd with

New Journal of Chemistry

synthesized from chlorosilanes, the synthetic mefh@sented
here is very versatile.

3.2 Hydrolysis and condensation of compound 1.

The solution®C NMR spectra of compount! hydrolyzed for
different reaction times (Fig. 2) indicate the cdete hydroly-
sis between 2 - 3 h after the beginning of the treac Please
note that the chemical shifts 5 NMR signals in Fig. 2(0 h)
were slightly different from those in Fig. 1 (b)daeise THFdg
was used to obtain the spectra of Fig. 2 (0 h) evBIDCE was
used for the spectrum of Fig. 1 (b). THEwas chosen because
THF is compatible with both and HO.

The signal intensity assigned to methoxy grou@.45pm)
decreased steadily, and disappeared after 3 h. vA signal
assigned to methanol simultaneously appeared at-488
ppm. In addition, all the signal intensities duenmtethyl (-3.1

complete elimination of-BuO groups. Furthermore, vinyl andPPm), vinyl (130.2 ppm and 136.4 ppm) and 3-chloopyl

chloropropyl groups are retained without any sidactions.

groups (9.0 ppm, 27.4 ppm, and 47.8 ppm) of comgduare

The *C NMR spectrum (Fig. 1 (b)) also shows the presafceWweakened with the time course of hydrolysis anddemisation,

chloropropyl and vinyl groups and the absence®fiO groups,
which strongly supports this conclusion.

The 2°Si NMR spectrum of compountl (Fig. 1 (c)) shows
three signals at -51.4, -63.9 and -66.8 ppm anit thiensity
ratio is 1.9 : 1.1 : 1.0. The singlet signal at.%6ppm is as-
signed to S(CH))sCl, because the number oS (CH,):Cl
group is twice as that ofS{CH=CH,) or -SMe groups. The
other two signals at -63.9 and -66.8 ppm are assigio -

while many new signals for the same functional gsappear-
ing at chemical shifts similar to those for compadun (The
maghnified spectra are shown in Fig. S16, ESIt).s€hesults
are interpreted to mean that the environments ef dharbon
atoms of those groups change as hydrolysis andetsadion
progresses. The diversification of the environmeaatgaused
by the following factors. i) Because compouhdontains hy-
drolysable six -SiOMe groups, very many kinds oflecales

S™(CH=CH,) and S™Me, respectively, because of the folWill be generated by hydrolysis df ii) In the condensation
lowing two reasons. i) The signal due tbSi atoms possessingProcess, two kinds of cyclic siloxane will be forunby intra-
vinyl groups appears around -62 pphi) The signal due to o molecular condensation (Scheme 2), and the steraeis will

Si atoms possessing methyl groups appears arogp®
These assignments are also supported by a congmahtnal-
ysis. The details on the method are shown in r&fThe results

show that the signal due to Si of Sinethyl group appears at

higher magnetic field by 4.02 ppm than that duSiof Si'*-
vinyl group. As mentioned above, the measured $idna to Si

of Si"*-methyl appeared at higher magnetic field by 2.#npp

be generated when these molecules are formed.|&kiater-
pretation and assignments B NMR signals are shown in
ESIT.

Multiple signals are observed in tR%i NMR spectra (Fig.
3) of hydrolyzed solutions of compourd and assignments of
these signals are shown in Table 1. (Please natehth chemi-
cal shifts of?°Si NMR signals in Fig. 3(0 h) were slightly dif-

than that due to Si of Sivinyl. The high-resolution ESI-MS ferent from those in Fig. 1 (c) because of theedéhce in deu-
spectrum shows a peak a¥z = 565.0706 corresponding toterated solvent.) It is quite difficult to assigmese signals pre-

[M+Na"] (calcd. mass: 565.0707). These results confirthed
synthesis of compount

Therefore, it is successful to synthesize thexaih@ oligomer
which has alkoxy groups and plural functional grauip is rea-
sonably expected to synthesize siloxane oligomérielwpos-
sess both acidic and basic functional groups bgsfoaming

cisely because their chemical shifts are very clusgether.
Three signals appear at -49.9 ppm, -62.7 ppm, @84 ppm in
0.5 h. As confirmed by thEC NMR (Fig. 2), the hydrolysis is
complete within 2-3 h. Therefore, these signalsamsigned to
SOH groups generated by hydrolysis (Scheme 2). ThHese
signals disappear steadily after 2 h, and new Sgu@pear at -

the vinyl and chloropropyl groups @f respectively. In addition,49-7 ppm to -50.5 ppm, -56.9 ppm to -57.4 ppm, &%l ppm

alkoxysiloxane oligomers which have other functiogeoups
can be synthesized by changing the kind of alkobkorolsilanes
under the same reaction processes. Furthermoreratlee of
functional groups can be controlled by changing ¢nger of
the alkoxysilylation. Because alkoxychlorosilane® a@asily

This journal is © The Royal Society of Chemistry 2012

to -63.9 ppm. We will discuss below the assignmeafitthese
signals to two types of molecules; i) molecules egated by
cleavage of siloxane bonds of compouhdr ii) molecules
generated by intra- and inter-molecular condensatio

J. Name., 2012, 00, 1-3 | 3
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Fig. 1 Liquid state (a}H, (b) **C and (c/*°Si NMR spectra o in CDCl.

4| J. Name., 2012, 00, 1-3 This journal is © The Royal Society of Chemistry 2012



Page 5 of 7 New Journal of Chemistry

M-

504 49.6 A 3h
1 . b L " 2 h
1 r A [N Los L 15h
" Ill 1} J | x
1h
' Jl Il] ] | 1 05h
I l | | l 1 " O h
IIIII|IIIIIIIII|IIIIIIIII|IIII|IIII|IIIIIIIII|IIII|IIII|IIII|IIII|IIII|IIII|
140 120 100 80 60 40 20 0
Chemical shift (ppm)
Fig. 2 C NMR spectra (THR}) of 1 hydrolyzed for O h, 0.5 h, 1 h, 1.5 h, 2 h, arld 3
Table 1 Assignments f6fSi NMR signals of hydrolyzed.
Time / h - S(CHy)sCl - S(CH=CH,) - 9Me
0 Tl(OMe)Z: -51.4 ppm -%(OMe)Z: -64.3 ppm ?(OSi)Z: -66.7 ppm
05-1.5 Tl(OH)z: -49.9 pPpm %(OH)Z: -62.7 pPpm ?(OSi)Z: -66.5 ppm to -66.7 pPpm

2-10 TzOH,OSi,TS(OSi)Z: -49.7 ppm to -50.5 ppm TZOH,OSi,TS(OSi)Z: -56.9 ppm to -57.4 ppm TS(OSi)z: -63.1 ppm to -63.9 ppm

* Symbol T of T, denotes three oxygen atoms on Si. The superst@itT’, means the number of Si bonded to the central S
atom. The subscript x of,denotes the kind of functional groups linked t@a®im.

At first, the cleavage of siloxane bonds of compbtnvas the hydroxy groups of S(OH),(CH,);Cl are used for
examined. If the siloxane bonds of compouhdre cleaved, condensation (Scheme 2), because it is known ifjaals

CI(CHy)3sSi(OMe),(OH)z., MeSi(OMe)(OH)3., and
(CH,=CH)Si(OMe)(OH)s., (n = 0~3) would be generated Cl cl
(Scheme 2). However, there are no signals in theegion MeO-g§i-OMe Ho-<i-OH
corresponding to these molecules (-36 ppm to -4, pb2 MeQ ©O OMe HO O OH
ppm to -56 ppm, and -38 ppm to -40 pphrespectively). CIH‘S;i’O'S,i‘O"Si'\ ,-réi'O-éi'O‘Qli'\rrC'
Because these molecules are easily observed urdéic a MeO Me OMe cr i & O-S+OH
conditions®® it is quite reasonable to conclude that the 1 HO (") OH
oligosiloxane structure of compouridis not degraded under Hydrolvsi Intermolecular Cl,rgio-s‘i-&s‘i-\
the conditions used here. yarolysis| “condensation 9 ~' HO Me OH
Next, intramolecular condensation of compoudd is
discussed. The overlapped signals of the sampler dfte . ¢!
reaction for 2 h, appearing at -49.7 ppm to -5 p-56.9 HO-gi-OH Int lecul o—Si-OH
ppm to -57.4 ppm, and -63.1 ppm to -63.9 ppm, asigaable HQ O  OH A aton /9@ _oH
to -Si(CH,)Cl, -S(CH=CH,), and SiMe of cyclotrisiloxanes, oy §rO8IrO§g o~ §Fosio S"OTT-I
respectively (Table 1)intramolecular condensation naturally HO Me OH \L HO Mem
forms cyclic siloxane structures and the terminal sflicon HO-
atoms of compoundl become ¥ silicon atoms. Signals HO %'"‘O
corresponding to Tsilicon atoms of cyclotrisiloxanes appear Clevage of S -0-Si-0-Si~
downfield from P silicon atoms in non-cyclic compounds siloxane bonds Crud me OH
because of ring straii.The presence of too many signals can
be explained by the formation of two types of aydiloxanes CI(CH2)3Si(OMe)n(OH)3-n
(Scheme 2) and their geometric isonTdrs. (CH2=CH)Si(OMe)n(OH)3-n MeSi(OMe)n(OH)3-n

Finally, intermolecular condensation of compoudd is

discussed. The signals in the ranges from -56.9 prRS7.4 Scheme 2 Proposed reaction processes for hydrobysis
ppm and from -62.8 ppm to -63.9 ppm might be agsigto condensation of compourid
intermolecularly condensed species of compodndn which

This journal is © The Royal Society of Chemistry 2012 J. Name., 2012, 00, 1-3 | 5
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corresponding to Tand T silicon atoms of intermolecularly

condensed species appear upfield thdnsilicon atoms?
However, there are no signals corresponding
intermolecularly condensed species derived by cosatéon of

The preference of cyclization should be attributedthe
branched oligosiloxane structure of compoundin the case of
lioear oligosiloxane, it is reported that intranmi&ar condensa-
tion is competed with intermolecular condensatincept for in

hydroxy groups of Si(OH),(CH=CH,) around at -80 ppm. Thea dilute solutiorf* In comparison with a linear oligosiloxane,

absence of species resulting from intermoleculardeasation

silanol groups generated by hydrolysis of alkoxpups of

of -S(OH),(CH=CH,) group can be explained by the followingcompoundl are sterically close to one another. Therefores it

two reasons. At first, the intensity of the signalge to —
S(OH),(CH=CH,) is lower than that of S(OH),(CH,)sClI
because the number ofS¢(CH=CH,) group is half of -
S(CH,)sCl group. Second, the signal intensity of eaclcaii
atom is weakened because the environment of siiatoms is
diversified and the molecular mobility is decreaseg
intermolecular condensation. The same reasons eapplied
to explain the absence of the signals assignedike-groups
after 3h. For these reasons, signals due to intecularly

quite reasonable that intramolecular condensatioocqeds
preferentially because silanol groups generatelylolyolysis of
alkoxy groups are close to each other and condeasity. Cy-
clic siloxanes generated by intramolecular cond@éms@ossess
four silanol groups which are not used for intrageollar con-
densation. After the formation of cyclic siloxan&s;O-Si net-
works can be constructed by intermolecular cond@rsa
among these silanols. The formation of Si-O-Si eks by
intermolecular condensation should result in thealening of

condensed species are normally observed to mucterledNMR signals and the decrease in their intensitiesabse the

degrees. Therefore, we can not completely exclude
possibility of intermolecular condensation. Howeveahe
observed signals are clearly assigned as the mwgof
intramolecular condensation, which leads us to kalec that
the last one proceeds preferentially rather thaermmolecular
condensation.

As shown above, the siloxane linkages are not roksich
indicates that the incorporated functional grouges lacated at
the original positions. This means that the metpoelsented
here is quite useful for the design of precursoos the
preparation of hybrid materials as well as mesatined
materials possessing functional groups
homogeneously with some fixed distance. This isesop to

environment of Si atoms is diversified and the roolar mobil-
ity is decreased by the Si-O-Si network formatibmfact, the
signals in the spectra of the products reacted.@oh and 24 h
after the beginning of hydrolysis were broadened also the
intensity of signals in those spectra decreasegl. )i Hybrid
materials prepared using branched oligomers areateg to
possess unique features in terms of porosity amsityebe-
cause the position of silanol groups is so restri¢hat they are
not able to react freely with neighboring silanebgps. The
study on the relationship between the propertiesybfids and
siloxane structures in various length scales idlehging for

distributédture design of siloxane-based materials.

the grafting methot using two kinds of reagents, which

provide hybrids with only locally distributed fumabal groups.

MeSi(OMe)n(OH)3-n
CI(CH2)3Si(OMe)n(OH)3-n

(CH2=CH)Si(OMe)n(OH)3-n
LasAftr M At A o Vg pr ety i paed Seroniimsgy eyl rysslaely 24

2h
1.5h
PRIPA IR PRI W W PSRN ..J“.‘J 1h
" et S DTS 05h
J A i) Oh
| L I L L I 1 LI | LI I rrrrprriri I L L I LI I B |
-40 -50 -60 -70 -80

Chemical shift (ppm)
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